Luciferin derivatives for enhanced in vitro and in vivo bioluminescence assays.
In vivo bioluminescence imaging has become a cornerstone technology for preclinical molecular imaging. This imaging method is based on light-emitting enzymes, luciferases, which require specific substrates for light production. When linked to a specific biological process in an animal model of human biology or disease, the enzyme-substrate interactions become biological indicators that can be studied noninvasively in living animals. Signal intensity in these animal models depends on the availability of the substrate for the reaction within living cells in intact organs. The biodistribution and clearance rates of the substrates are therefore directly related to optimal imaging times and signal intensities and ultimately determine the sensitivity of detection and predictability of the model. Modifications of d-luciferin, the substrate for the luciferases obtained from beetle, including fireflies, result in novel properties and offer opportunities for improved bioassays. For this purpose, we have synthesized a conjugate, glycine-d-aminoluciferin, and investigated its properties relative to those of d-aminoluciferin and d-luciferin. The three substrates exhibited different kinetic properties and different intracellular accumulation profiles due to differences in their molecular structure, which in turn influenced their biodistribution in animals. Glycine-d-aminoluciferin had a longer in vivo circulation time than the other two substrates. The ability to assay luciferase in vitro and in vivo using these substrates, which exhibit different pharmacokinetic and pharmacodynamic properties, will provide flexibility and improve current imaging capabilities.